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FORWARD

This program was written for use by the Los Angeles (ounty Flood Control
District or by its Contractors on District projects.

The use of this program by cthers is made and accepted with the understanding
the Los Angeles County Flood Control District makes no warranties, express or
implied, concerning its accuracy, completeness, reliability, usability or
suitability and the District shall be under no liability for any use made
thereof.

This program is the property of the District. Therefore, a recipient further

agrees not to assert any proprietary rights to this program or modification
of or to represent it to anyone as other than a District program.
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1.1
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Introduction

This program is a hydraulic analysis system developed by the
Design Systems and Standards Group of the Design Division and
the Data Processing Section of the Business and Fiscal Division
of the Los Angeles County Flood Control Distric:.

Purpose

The program computes and plots uniform and nonuniform steady flow
water surface profiles and pressure gradients in open channels

or closed conduits with irreqular or regqular sections. The flow
in a system may alternate between super critical, subcritical

or pressure flow in any sequence. The program will also analyze
natural river channels although the Principle use of the program
is intended for determining profiles in improved flood control
systems.

General Program Description

2.2 Basic 'Iheox_:y

The camputational procedure is based on solving Bernoulli's
equation for the total energy at each section and Manning's
formula for friction loss between the sections in a reach. The
open channel flow procedure utilizes the standard step method.
Confluences and bridge piers are analyzed using pressure and
momemtum theory.

The program uses basic mathematical and hydraulic principles to
calculate all such data as cross sectional area, wetted perimeter,
normal depth, critical depth, pressure, and momentum.

3.3 Computational Procedure

3.3.1 Input Preparation

The channel or conduit system is initially subcivided
into the following elements: system outlet, reach,
transition, confluence (junction), bridge exit, bridge
entrance, wall entrance (sudden contraction), wall exit
(sudden expansion), and system headworks. Each element
is internally assigned a number. The input data must
consist of a minimm of three elements (system ocutlet,
system headwork and any other element) and is limited to
a maximum of 200 elements. A greater number of elements
will require a breakup into two or more systems.



3.3.2 Flow Rates

The starting flow rate (Q) at the upstream terminus of
a system is specified on a "Q" card. The flow rate

(Q) is increased at the desired locations by specifying
lateral inflow rates on the "JX" cards. The flow rate
can be reduced by using a negative lateral Q, this
reduction is intended to account for channel storage.
If it is used in cases where the channel or conduit
branches it should be understood no loss is computed.

3.3.3 Multiple Profiles

To obtain additional watersurface or pressure gradient

profiles for different flow rates in the system, additional

Q cards may be supplied. The only limitation on the
number of profiles that may be run at one time is the
limit on the program execution time which is set by the
computer center.

3.3.4 Manning's "n"

The program uses the Manning formula for the friction
loss in all types of conduits or natural channels. The
program can only take one "n" value per element, however,
the "n" value can change at subsequent elements. If a
section has a lining composed of different roughness
coefficients a composite "n" based on anticipated depth
of flow should be hand computed. If an "n" value is not
specified with the input data, the program ises a value
of .014.

3.3.5 Water Surface Controls

Water surface controls at the downstream terminus
(System Qutlet S.0.) or the upstream terminus (System
Headworks S.H.) are optional input values. If water-
surface controls are not given the program will use
critical depth controls.

3.3.6 Critical and Normal Depths

Critical depth is camputed for everv section for the
given Q utilizing the "Specific Energy Bquation®.

Normal depth is camputed in every reach element on a
positive slope for the specified Q.



The velocity head (H) is camputed using the mean
velocity of the section. This may not be: accurate in
the case of a complex section such as one with shallow
flow in the horizontal overbank area where velocity
distribution is not uniform. If the program is to be
used in this situatior. the user should be aware that
same error may be introduced in the results. A check
on the magnitude of the error can be made by the user
utilizing the parabolic method to determine specific

enerqgy (see Appendix).

3.3.7 Watersurface Stages

The lower stage w.s. profile begins at the system
headworks and ends at the system outlet. The computation
will proceed downstream in every consecutive element as
long as energy is available to maintain flow in the
supercritical stage. When energy becomes expended at any
point in an element, the lower stage profile will be
discontinued from that point to the downstream end of
that element. Then computation will resume in the next
element with a critical depth control until the system

outlet is analyzed.

The upper stage w.s. profile, begins at the system outlet,
and ends at the headworks. Computation proceeds upstream
in every element as long as the water surface at the.
downstream end of any two adjacent points can support the
moving mass of water to flow at the critical or subcritical
depth. Otherwise, computation will be discontinued from
the downstream point to the upstream end of that element.
Then computation will resume at the downstream end of the
next element with critical depth control, provided no depth
l&ssthancriticaldepthhasbeenco@tedatﬂmtpoint
on the lower stage profile. Then conputation will proceed
upstream until the system headworks is analyzed. Note that
if the computed depth of flow in any cpen section exceeds
the given section height the program will assume an
additional 10-feet of vertical wall except for Channel

Type 1 (see Figure 6-1) where the side slopes are extended
outward until the l10-feet vertical height is reached.

The jump routine begins at the system outlet and ends at
the headworks. It searches the lower stage and the upper
stage profiles for points of equal energy. If a jump is
encountered, it will be approximately located; and data
on either the upper stage or lower stage not consistent
with the greater energy theory will be deleted from every
element. The final profile will be a composite of upper
stage and lower stage with hydraulic jumps in between.



4.1 Data Processing System Description

All programs are written in FORTAN IV, compiled using the

IBM FORTRAN H campiler executing on an IBM 370/158 using OS/VS2 MVS.
The system requires the use of an input media (such as a card reader),
temporary disk storage, and a printer. It is designed to run in
batch mode.

Required input to the system consists of:
1. Title information.

Channel element definitions.

N

3. Cross section definition.
4. Cross section points definition.

5. Q card, of which the first is required and the subsequent
Q cards are optional for change of flow rate in the system.

The entire input is thoroughly scamned for required information and
range values of optional information before processing begins. If
any errors are detected, processing will stop. Warnings may be
issued, but they will not prevent processing.

Processing consists of three phases: Analysis of the system in the
downstream direction (phase I), analysis of the system in the upstream
direction (Phase II), and analysis of the downstream profile (from
Phase I) and the upstream profile (from Phase II) to obtain a conposite
profile (Phase III). The processing was designed to continue
calculating unless gross errors are encountered. Warning messages

may be issued concerning tclerance levels not being reached on an
iterative approximation. These may or may not effect the overall
solution to the problem; however, processing continues. If gross
errors are encountered, an error message will be issued and

processing will stop.

Qutput of the system consists of three reports:
l. A listing of input with edit scanning messages.

2. A w.s. profile listing of the composite profile obtained
in Phase III of processing.

3. A profile plot of watersurface and channel geametry.



5.1 Element Description

The channel, conduit or natural river system to be analyzed

1s subdivided into elements as stated in Section 3.3.1. The
program internally numbers the elements beginning with the System
Cutlet (SO) as number 1. Each successive element is numbered
continuing upstream to the System Headworks (SH). The maximum
number of elements permissable by the program is 200.

5.1.1 Boundary Lines (Refer to Figure 5-1)

All elements are bounded on the upstream end by Section 1 and
the downstream end by Section 2 except System Outlet (SO) and
System Headworks (SH) which only have Section 1. The user
inputs data such as base width, conduit height, etc. for
Section 1 of every element. The data for Section 2 for every
element is taken by the program from the upstream Section 1 of
the adjacent downstream element. Elements may have considerable
length between Section 1 and Section 2 as in a reach element
or may have a zero length as in a bridge entrance element.

L = length of element
X = number of the element under consideration

X+l = adjacent upstream element

X=-1 = adjacent downstream element

5.1.2 System Qutlet (SO) (Refer to Figure 5-2)
The system outlet is the downstream terminus of a channel.
X is equal to one. X+l can be any element except a System
Headworks (SH). Note the element length is zero.

5.1.3 System Headworks (SH) (Refer to Figure 5-3)

The system headworks is the upstream terminus of a channel.
Element X-1 can be any element except a system outlet.
Note the element length is zero.

5.1.4 Reach (R) (Refer to Figure 5-4)

The reach element is a length of channel, drain or natural
river with a constant invert slope, Q, cross section and
Manning's n. A reach may have a straight or curving
horizontal alignment, however, a curved reach must coincide
with the beginning and end cf the curve. The same applies
Lo an angle point in the horizontal alignment, a reach must
end or begin at the angle point.



In open channels (regular rectangular or trapezoidal sections)

the superelevation of the watersurface is computed and printed

for each point in the curve. In pressure flow, bend losses, angle
point losses, and manhole losses are computed and added to the
friction loss for the reach.

Element X+1 can be any element except a system outlet.
Element X-1 can be any element except a system headworks.

5.1.5 Junction Structure (JX) (Refer to Figure 5-5)

The junction structure element is used where there is lateral
inflow into the system. Two different laterals can be handled
by this element. Element X-1 can be any other element except
a System Headworks (SH). Element X+l can be any other element
except a System Outlet (SO).

5.1.6 Transition Structure (TS) Refer to Figure 3-6

A transition structure is a gradual expansion or contraction
from Section 1 to section 2. The length L may be any positive
number. Element X+1 may be any element except a system outlet.
(SO) Element X-1 may be any element except a system headworks
(SH).

5.1.7 Bridge Entrance (BE) (Refer to Figure 5-7)

A bridge entrance is an element used where flow enters fram
an element without piers into an element with piers.

A bridge entrance is considered to have a zero length
element even though the bridge pier nose may have a
minor length.

Element X-1 may be a SO, R, JX or TS.
Element X+1 may be a R, JX, TS or SH.
It is noted that neither section 1l or 2 can be a pipe.

5.1.8 Bridge Exit (BX) (Refer to Figure 5-8)

The bridge exit is also considered to have a zerc length
element.

A bridge exit is an element used where flow exits from an
element with piers into an element without piers.

Element X+1 may be a SH, R, JX, or TS.
It is noted that neither section 1 or 2 can be a pipe.



5.1.9 Wall Entrance (WE) (Refer to Figure 5-9)

This element is used when there is a sudden change in the
conduit section such as a headwall or an abrupt contraction.
This element is considered to have a zero length.

The user should supply the loss coefficient Kc expressed
in terms of the velocity head. If left blank on the input
card the program uses a value of .5 for kc. (See Hydraulic

Handbooks for typical values).

Element X-1 may be a SO, R, JX, or TS.

Element X+l may be a SH, R, JX, or TS.

The section for element X+l cannot have piers, however,
it can be an open channel or closed conduit. The section
for element X-1 can also be an open channel or closed
conduit and it can be with or without piers.

5.1.10 Wall Exit (WX) (Refer to Figure 5.10)

This element is used when there is a sudden expansion from
a smaller to a larger channel or conduit section. This
element is considered to have a zero length.

Element X+1 may be a SO, R, JX or TS.

Element X+1 may be a SH, R, JX or TS.

The section for element X+1 may be an cpen channel or
closed conduit with or without piers. The section for
element X+1 may be an open channel or closed conduit
however it cannot have piers.



ELEMENT BOUNDARY LINES

~70p o we/

." or .soﬁ’i
~\
@ N




SYSTEM

MHGL/W.S. -~
: _“‘_——'-—:5'——" 1

OUTLET

ELEVATION
FIG. 5-2

SYSTEM HEADWORKS

- S HGL/W.S.
' I, ﬁ
e
: — U: ‘
| N Nl
' ff?‘ LA A 4 i
r~r R 4 -
!_’ P E\ S
] N~
1 |'&' AN
] i
Xl e .
ELEVATION
FIG. 5-3



Llow_
(MV&WW% ”
” T T j~ 77/ .
' 7 7 LA | 4 h \6 ;
1 'L]l' 1 ! R )
B ~ T
i Sl 19 !
! A 5 .
L ox-/ i X 5 x+/ !
po—Ce e e = — e m e - -
ELEVATION

F PorAr g"'""“-----—-}
Py
=T -
X!
\ ¥|
PLAN B

(EXAMPLE OF A STRAIGHT REACH
WITH 4 PT. AT D/S END)

FIG. 5-4
10



ELEVATION JUNCTION
éﬁ
:5:5;!-_@.\ ¢ e FIG. 5-5
Lorera/ 7Two

; TRANSITION
— FIG. 5-6
ELEVATION '
PLAN

11



BRIDGE ENTRANCE

|
1
|
1
|
1
|
|
1
e
I_,/
'
-
Q
[
1

ELEVATION

FIG. 5-7
BRIDGE EXIT

ELEVATION

FiG. 5-8

12



WALL ENTRANCE 7/ SUDDEN CONTRACTION

© 0

3
i
E ===~ tteod/wal
! :
E 24 ; q-\/
:\,4/ Y £
L” Jf, e e
) NI _ :\ i
' Q.:"’“é:"a‘"—i& :
I G G2 . SR 3 & o A
ELEVATION
Swucoerr
conv‘mcflmqq
PLAN
FIG. 5-9

WALL EXIT /7 SUDDEN EXPANSION

®

S,

-~ -——1} - -
—
AY

£ |
N
\
Q
Q
fo. 1™

ELEVATION

-Suooger
EX LIS /Or7

PLAN

FIG. 5-10
13



6.1

Channel and Conduit Section Description

Channels and conduits sections are classified as regular or
irreqular sections. The regular sections (Channel Types #l1 - #4)
are trapezoidal, rectangular channels, box conduits or pipes.
The irreqular sections (channel Types #5 and $#6) can be natural

river sections or irreqular shaped improved sections with or
without a cover. Piers or center walls can be included in any

section except a pipe section.

6.1.1 Regqular Channel Type Sections

The program utilizes the following regular sections:

Chan. Type # 1: Trapezoidal open top with or without
piers. See Figure 6-1.

Chan. Type # 2: Rectangular open top with or without
piers. See Figure 6-2.

Chan. Type # 3: Box, covered trapezoidal or covered
rectangular with or without piers.
See Figure 6-3.

Chan. Type # 4: Circular "pipe" one cell only.
See Figure 6-4.

Note in multiple cell sections the cells may have variable width

but must be of equal height and on the same invert elevation.
The top elevation of all piers in both regular or irreqular
channels are assumed equal.

6.1.2 Irregular Sections

The program utilizes the following irregular cross sections:

Chan. Type # 5: Irregular cpen top with or without piers.
See Figure 6-5.

Chan. Type % 6: Irregular covered top with or without
piers. See figure 6-6.

14



6.1.3 Definitions & Restrictions for Irreqular Sections

An irregular cross section (facing upstream) is defined by x and y
coordinates of points i (X, y) given in a counter clockwise direction,
from point i=1 to point i=n (minimum 3 points and maximum 99 points).

Point i = 1 (x, y) is where
X (1) = x min and if x (2) is also x minimum then
y (1) is greater than y (2)

LIMITATIONS

Location of x and y axis:

The center of the reference axis (x=o,y=0) must not fall on the
perimeter of the cross section.

Flow Line:
A section can have only one low flow channel.
Section Shape:

A section is allowed one minimum and maximum in the x and y
directions. For example between points from x minimum to

x maximum the consecutive values of x must be equal or greater.
From x maximumn to x minimum the consecutive values of x must be
equal or smaller. The same holds in the y direction.

Piers:

The reference (x, y) axis for piers must be the same as used for
the cross section. The "y" values are given from left to right.

15



REGULAR CHANNELS
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IRREGULAR CHANNELS
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7.1 Input Data Description

This section contains the detailed description of each variable
on each input card. With the exception of the three title cards
all fields are fixed as indicated on the exhibits. If data is
entered into a field the decimal points must be punched in the
card column as shown.

Input data is placed by the user on Input Forms 1-4. All dimensions
are in feet unless otherwise specified on the forms. Form 1 lists
the title information and starting with the system outlet (SO) all
elements are listed in chronological order upstream to the system
headworks (SH). Form 2 is used to identify and list all data for
regular cross sections, also to input data on piers for irreqular
cross sections. Form 3 is used to identify and list all irregular
cross section data. Form 4 is used to list the starting Q at the
system headworks. Form 4 is also used to list new starting Q's
and optional Q factors when multiple water surface profile
camputation is desired.

18



7.1.1 TITLE CARDS
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1OS ANGELES COUNTY FLOOD CONTROL DISTRICT

Poge ol
HYDRAULIC ANALYSIS COMPUTER PROGRAM Nogmi
FO515 (FORM NO. 1) Projec
| fz]3Jels[slr]els X[ e ]2]3]e]s]s]7 szuzusku:Euzus!nhh‘l Jaaa4arinaegaagagiionn 1100 sle
L IthEbdddAdAd H HF 1 FHALH-HE *B
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1z Plsjsfe]rlololg 1 [2]s]als s[r]o]o]Zi ]2 5]4]s [elt]e a1t [e]olsls[s[vlels 3]t [2]s[s]s]s[r]o]s R 1i o]s]e]s e[ [ols & 1[5 tlos| sls

o

Title Cards 'I'l, T2, and 'I'3

Title cards are entercd once per project
Title cards are used for oulput title

IFirsl title card T1 is reqguired to start processing

Card Col. Variable ])escription
1 & 2 1 Card identification characters
4 - 80 None

Second title card T2 is an optional card

Card Col. Description

Variable
1 &2 T2
4 - 80 None
Third title card T3 is an optional card
Variable

Card Col. Description

1&2 13

4 - 80 ' None

Card identification characters

Card identification charactlers

L.egend

XX
Yy

Required
Optional

Number and alpbabetical characters for oulput title

Number and alphabetical characlers for output title

Numbcer and alphabetical characters for output title




7.1.2 ELEMENT CARDS

21



QS ANGELES COUNTY FLOOD CONTROL
HYDRAULIC ANALYSIS COMPUTER PROGRAM
FO5I5 (FORM NO. 1)

DISTRICT

Page___
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Prolcc!
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, N ‘H—- [] . I} : - Y . . . .
lzscssvosmuz»assvosmdzsossros Wzsqssvoa‘lzsassrps |234557993123450109512345 oa&
System Outlet 'SO': Seclion at the D/S end of the system,
Card Col, Variablc Descriplion
I & 2 =0 Card idemtification characlers
4 thru 12 Sla, | A reference station from which the /S end of all elements are
measured
N 13 thra 19 Inv. 1 Invert elev, at the system outlet

20 thru 22 ('ross Sect., A number assigned on

IForin No.

2 loidentify a specific section

Ident, No. used at the U/S (-n(l of this elr‘mout
49 thru 55 W.S. Wlev, at The W.S. /HGI, elevation contr ol at the SO =
SO otherwise. If the W. 8.

Inv,

tolnv. 1 1 H

/HGE, clev,

L4 DC the program will set the control elov:

Iegend

NXXN,

- 0.0 unless given
control is less than

ation eqnal

SN Req'd Data

YYYOVY Optional Data

)S



Card Col.

Variable

1 or 2
d-12
13 -19
20 - 22
29 - 32
56 - 62

~ Manning's n

N

Sta. | Slation at the U/S end.

Inv, 1

Cross Scot.,

Ident, No. seclion used at the U/S end

Radius of curve
(Ihzginning and end of curve
and end of reach.)

Description

A nmber assigned on I'orm No,

Card identification character.

Invert elevation at the U1/S end of this clement.,

2 toidentify the specific
of this element,

I left blank program usces . 014,

Radius of curvature necessary to compule super cloev,

must coincide with beginning

Legend

XXXXLNX Required
YYYY. VY Optional

LUG - ANGLELLES LOUNITY  FLOOD CONTROL  DISTRICT Page . _ Ot __ate.
HYDRAULIC ANALYSIS COMPUTER PROGRAM Name ___ el .
FOSIS (FORM NO. |) Peoject
[ Jebefslslelrlolo gl Je|s3lel o s 32332 7 o s 3[F 2[s a[3]3 7 afo [&] sl sl 2[8Le LB ele o Bl 2] sals el ofsTali el afa s lefa
P 033 SECT WENT Mo kamrunra: ’ T Tl wiev ar | Tmasos o . T h
SIA 1L | v ) [losomue: | g 29.au0 on e cunve |7 Or cunvef §° romr o
el Lo opiateny T, rug Qs G |V 3]y 4 o |§, X o |
Hzplslaerlelolyfi [z sfala[slrlsfa 211 [2]slals Eﬂi@eqa:s““"ﬂ R Bl el e el e TRl e o o2l e e s
! {REERENARNN SR R e L NSRRI : :
2 th ,I;?x“xx:“i(xx*fl__ur\n.- QU [ Qe R el e TR LT
3 . . . 1] . . 1 . 1 :_. 1
Mz pfajsis]r folsfir[2[s]ls s [e[s]2 ]2 ]3] s[re [s[alvIefolelsle[lole [3]i [ 3[«s [l ols [3]i 23 a5 s[7{e[sl3]t[2]3|4Is]s[t]e\s[Zli]2]s]4]s
Reach (Chan. Type 1, 2 or h), '




WO ARNLLLES CUUNITY  FLOOD CONTROL. DISTRICT Page. 0l Daje
HYDRAULIC ANALYSIS COMPUTER PROGRAM Hame_
FOSIS (FORM NO. 1)

Peofect . _ e
Helofelsloelolo [0 efalaalelrlo[ofA[ 2 oLe[s [0 o o[3[32[3[s[3]e[ e 813 23 el e 3 eI Rl s slg iz 2[a[selr el I3[t alalefolel lolsip
o : OIS SECT IENT NO faniguno: w8 €LEv. Ar| maows of . h
ELEM STA | INV | e romuo g n 89 ano onsif  cunve  |A°OFcunvel X romr o
€ AT W SFATERMIATERN. .
el . A el R T Y Q4 INV 3| INV 4 o cone ) R conr
V23] sls]e]r]e[s Il e 3[afs]e[7]a[s|1]2 |a]als [el7e s[2[e[s ]3|t [2]3]s]sle[ ] s R RS [ [ o IEi 2s]4[s]s[7]s o111 2|s[s]s]e]afafs]R
B v T T ™ TMrrir B T -
LI A AR L NENUE - A - L JEN R
2 %gxxxxxx. JuNAERSRE) SRR ALt 11l S LI Y R
’ - . . - l_'- . . . . .
03345610951023456709‘&1 2]34|so|7]e evosglzsassroealzlqssrasgl234561095”3456109&

Reach (Chan. Type 3, 4 or 6)

Card Col, Variable Description

1 or 2 R Card identification character.

4 - 12 STA | Station at the U/S end,

13 - 19 INV 1 Invert clevation at the U/S end.

l;)

20 - 22 ('ross Sect, A number assigned on Form No. 2 to idenfity the specific
[dent, No, section used at the U /S end.

29 - 32 Manning's n If lefl blank program uses .014.

63 - 68 Angle of Curve Angle of curve (0 1o 180 degrees) necessary to compute hend

loss. (Beginning and end of curve must coincide with heginning
and end of reach.,)

69 - 74 Angle Point Angle poinl (0 to 16 degrees) necessary (o compule angle
point loss. (l.ocalion of angle pt. must coincide with beginning
of the reach.)

5 - 176 No. ol NManholes Number of manholes (0 to 10) nece

ssary to compule mmanhole
losses,

Legend

XXXXL Beg'd data
YYYY Optional data



U9 ANGELES COUNITY FLOOD CONTROL DISTRICT Poge_______OL____Dale___
HYDRAULIC ANALYSIS COMPUTER PROGRAM Name

FO515 (FORM NO. 1) Project

7 [e[s[alals[risp 1At Iz[afs[sfel7]o[o B[t [2]3]4f3 o[ Te o |37 23] e[ [e o 1[2]3]4]3[s]1 o ﬂgli[i]i]i[ilﬁp|o|§[am_ilf§[3]:|s|7|o'§]z[1]E[ﬂ;g s[7]e]s[]
eenl ‘NO33 SECT WENT NO paantutia:] we tLev. av] aaows o | o M
L4 STA | INV ' ¥ ROM FONN NO, 2 n 1Q AND OR 8} CURVE ° oF cunvel X roinT g
TYRE 1 W R B D LT Q4 INV3 | INV 4}, Xo conr g goconr|
1[2]3]s[a]s]r]elo L] [ [3]a]3]e[7]e]s ]2l 1 [2]]ala gﬂ[os [23[als[s[7[e]]A l1[2]«s|eft]e ]3] RIS[al (ST P P T eSS e [3 s [s e | 7lals
) C JdL : S . R L EEyn . > L o .
2 TisE Ak L e b ] L QUG L L ol J A LLLL 1L LL .
' " ¢ M L . [3 L} . . .
e [sfals]efrlefsldis [2]3]als 6] 7]o]s a2 [s]sls [slr]a [s[3]i 2 3asfsfrielo ol [2[3]]a[s| (o]0 31 [2[3]4]s [s]r[e[s12]1[2]s]«]s e[7]els]2]i ][5 4] 5]s Tlejofd)

Transition Structure "I'S": Flement with gradual change belween two adjacent
sections, The length of transition must be greater than 0.0,

Card Col, Variable Description
1 &2 . TS Reqg'd card identification characters.
4 - 12 STA 1 Station at the U/S end.
M 13 - 19 INV nvert elevation at the U/S (:.ml.
20 - 22 (‘ross Sect. A number assigned on Form No. 2 to identify the specific
Ident, No, section used at the U/S end. :
29 - 32 l\lanninfg's n If Teft blank program uses . 014,

l.egend

AXXNX. Req'd data
YYYY Optional data

c”n



LU ANLLLLES CUUNTY FLOUD CONTROL DISTRICT
HYDRAULIC ANALYSIS COMPUTER PROGRAM Name_____
FOS5I5 (FORM NO. })

HAARABANAE

Projec) .____

Page_____OL____ Daje

a2 PL[3 <[T]e [S[3[3 Z[3[a]3]e[7[o[s 3] s SR 7 ofal3]s [l o [olg Tz Yo[a[e[r[]

‘NO33 SECT NENT. NO LWUUHOS W8 ELEV. AT | RADIUS OF

ELEM STA | rROM Fonu NO. 2 n 89 AND on 8  cunve |4 ofcunve

TYPE ~ TERAS u:!t':r, 1, /%, Q, Q, INV 3 INV 4 |, X° cour. _

2]3|s[sfs b 9 mo?_anznssrlosgnzs:sevosglznnroslglzus 0
2 DIKE A+ VA b TN L R T R MH4N .

23afs]e | of7]o Joja[1[2]5]4]s[e[7lels (23] 4]s]s[r]o[s 31 [2[3]als s]r[e[sIE] 1 [2]]a]5 2

Junction Structure "JX":
two lalerals,

Card Clol.

——e

1 &2

4 -12
13 -19
20 - 22
23 - 25
26 - 28
29 - 32
33 - 40
41 - 18
49 - 55
96 - 62
63 - G8
69 - 74

Variabio

Cross Secl.
Ident. No.

Cross Secl. Tdent
L.at. One

Cross Sect. ldent,
T.at. Two

Manning's n

Element where side flow enters the main channel from one or
Length may be equal or greater than zero.

I)cscx‘i!)li()n

Req'd card identification chavacters.
station atl the U/S ond.
Invert elevation at the U/S end.

A number assigned on IForm No., 2 (o identify the specific
section used at the (/S end,

A number assigned on Form No. 2 to identify the specific
section used for Tateral One.

A number assigned on I'orm No. 2 (o identify the specific
section used for lateral Two.

It left blank program uses . 011,

I'low rate in I.ateral One.

I'low rate in I.ateral T'wo.

Invert elevation for l.ateral One.,
Invert elevation for I.aleral Two,

Confluence angle of Lateral One wilh main line (0,1 to 90 deg,)
Confluence angle of Lateral I'wo with main line (0.1 to 90 deg.)

l.egend

XXXX. XX Req'd data
YYYY.YY Optional data

XTI



FUO S ANLVLLLO LUUNTL T FLUUD GUNTROL DISTRICT Page. . OL_ ___Dale
HYDRAULIC ANALYSIS COMPUTER PROGRAM Name__
FO5I5 (FORM NO. 1)

Project __

e T34 B SR ol o 2 S L 3o s oA TS el
eeml 1033 SECK DENT. NO MAIHNG: o ey ATl maows or f
. STA | INV | [hoMronuno. 2 n_ £Q AND on ) cunve X _)f_ O o
Al R o B R Q, Q, INV 3 INV 4 [}, %° conr. |}, X* conr.
2[ol4]s[s[r]o]s uzuﬂsvss"’hziqsd?l;g!au2349679931zsqasnsgnzsqsoroslgn 213]4[s [s[r]s[sITT1 [2]3]+]s[e] 7[a]s
SN BT AT TR |HAN 1 J L JTHTT 1
z;qssrosf',,uzsqssvas 1[2[slsis [ofr]e Jsl3|1]2]s[a]s[e]  es [ 11 ]2 ]3] 4[5 6[r]o]e 1 [2[3]4[s[s]r[e[ol3[1]2]s]ls s[7]a]s [2]s2]s]s]s]s]7]a]s 8]

Bridge Entrance 'BE': Flement of zero length

STA 1 =STA 2

INV 1 =1INY 2

SECT 1 may be channel type 1, 2, 3, 5 and 6 and must not have piers

SECT 2 may be channel type 1, 2, 3, 5 and 6 and must have a minimum of one pier below
the W.S. (No. of piers, t to 10)

(Sect 1 and Sect 2 must be identical except for the piers or cover)

Card Clol, Variable Description
1 & 2 Bk Req'd card identification characters.
4 - 12 STA 1 Station at the U/S end. If Sta 1 is left blank it will be sct

cqual to the sta. at the U/S end of the previous clement,

13 - 19 INV 1 Invert Elevation at the U/S end. 1T INV 1 is left blank
it will be set equal to the invert elevation at the 11/S
cnd of the previous element,

20 - 22 C'ross Sect, A number assigned on torm No. 2 {o identify the specific
Ident, No. section used at the 1J/S end.
29 - 32 fp A reduction lactor for area of pier (if left blank program

uses 1,0).

Legend

XXX, XX Req'd data
YYY.YY Optional data

18



LOS ANGELES COUNTY FLOOD CONTROL DISTRICT Page. OL____Dale_
HYDRAULIC ANALYSIS COMPUTER PROGRAM Name _

FOS5I5 (FORM NO. 1) Projecl

ikh.kkhhhﬂhkskbkﬁﬁsfnzsqsevas?nz:qsﬂroa?nﬂsqss os UkhhkaPPMPP!Fhkhhhﬂhkhhsslhﬂm
e ST | v ) e <[ 1 fas '] "oumee 3 orcume] - romr

1YPE :'vuls :u LTAIE:A’ 1, /K, Q, Q, INV 3 INV 4 |, K° conr. t, X* conr.
1 [2]3]s[s]s7]e]s [E] J2]3]4]s]s[7]e]o uziqsil?[is 1[2]3]4]s]s]7[e o[ |1 ]2]s]4]s]e]7]els 1j2|314]s]s[7]8 ]9 [21: [2]s]als[e[r]e[oTXTi T3 ]15 16710
] . . . [] . . A b hd
2 sl 1 LT Al . . . o | . . .
' : [ ] . » L] . . . [ .
V[2[s]sfs[s]7 [olsi;i [2]]als]e]t]o[s[Ai [2]3[]s [el7[o]s |zsuenp‘azusnloﬂalzu]ssrnglzsuﬂuguzsusu

Bridge 1ixil 'BX': Flement of zero Tength

STA 1 =85TA 2

INV 1 = 1INV 2

SECT 1 may be channel type No. 1, 2, 3, 5 or 6 .ad must have a minimum of one pier
below the W.S. (No. piers, 1 o 10).

SECT 2 may be channcl type No. 1, 2, 3, 5 or 6 und must not have piers.

(Sect I and Sect 2 must be identical except for the piers or covers)

Card Col. Variable Description
n '
@ 1 & 2 BX Req'd card identification characters.
4 -12 STA 1 Station at the U/S end. If STA 1 is left blank it will be set
cqual to the station at the U/S end of the previous element,
13 -19 INV 1 Invert elevation at the U/S end. If INV L is left blank it will
be set equal lo the invert at the U/S end of the previous
element.
20 - 22 Cross Scel., A number assigned on IForm No. 2 to identify the specitic
Ident. No. section used at the U/S end.

Legend
XXXX. Req'd bata
YYYY Optional dala

X4



QS ANGELES COUNTY FLOOD CONTROL DISTRICT Page______OL____Daje___

6¢

HYDRAULIC ANALYSIS COMPUTER PROGRAM Name

FOSI5 (FORM NO. I) Project ___. -
1[23]a[sls][efe 131 J2]3[e]s e[7le [ofa] 1 ]2]3 9|3l 123 sls]s[r]e o |A1 2Pl [s]e [ Feel3 2l [s B T e s T2l 3[a]s e[ [e 9}l 2] 3]«fals[ ]e[oli
ELEM . ‘ROIS SECT NENT NO PLANNINO w8 ELEV. AT] RADIUS Of . ' k
: STA | INV | oM ronuwo. 2 80 ANO on 8i{  cunve  |4° OF CURVE] X° PoInT
Tvee oME | [ 1 /%e Q5 Q, INV 3 INV 4 |4, ° conr. |4, X conr.

2|3]a|sle|7]e]ls [L]1 |2]3]a]s]e]?]0]o |234I5€’f¥[§9 ozussrlos‘uzuserhspzus-snslglzusnosl'nzuss‘v 9
2 el R T R TR Jiily . . JL . . 5

aziqsu olot1 [21slelslel7|elo]81[2]3]e]s Jel7]a [old]e ]2 ]a]e]s]6[7 ol 1231413 ]8]7[e oA 23] tie]si8][e[s]als|e]e]s| 211 ]2]3]]s]s ulﬁ

WALL ENTRANCE (ot Sudden Contraction) WE:  Element of zero length

STA 1 = S5TA 2

INV 1 = INV 2

SECT. 1 Must be without piers.

SECT'. 2 Secct. 2 may have piers (max. 10)

Card Col. Variable Descript.ion
&2 WF, Required card identification Characters.
4 - 12 STA 1 Station at the u/s end. If Sta. 1 is left blank

it will be set cqual to Sta. 1 at the u/s end of the
previous element.

13 - 19 INV } Invert elevation at the u/s cend., 1f INV 1 is lett blank
it will be set equal to the invert elevation at the w/s end
of the previous element.

20 - 22 Cross Scct. A number assigned on Form No. 2 to identify a specific section
Ident. Mo. used at the u/s end.
29 - 32 Kc A factor for conputing the loss at WE (if left blank

program uses 0.5).

legend XXXX.XX Required bData
YYYY.YY Optional Data

iM



UG ANGELED COUNTEY IFILOUD CONTROL DISTRICT Page____ oL

——Date___
HYDRAULIC ANALYSIS COMPUTER PROGRAM Mame . .
FOSI5 (FORM NO. 1) Project .
Hlelstslallrfoalale}ollolo oo 5|15 [Pl 2f3] s 8[Fo o &[T T3 ST s 83 e TS R T Sl el fellels Al eTs[s[ofe] ol
. ‘MO39 SECT. WENT. HO r‘”.ﬂm3 w8 ELEV. AV ] RADIUS OF . N

ELEM STA | INV | [rhoMromano.2 0 89 AND onai{ cunve [|A°ofcunvel xoroint »

fre :r';:i; :’lt'm "3&?“' fy/He Qy Qg4 iNV 3 INV 4 1§, X* conr. t, X° conr.

Vi3 4lslsfzlels]f]1 [2[3[4]s[e]7]a[s |21 ]2] s[a]a E}i’lis!&a 2p3[aslslrlololp i [2Ia[«Js]s[r[o]s] 3T ]S [[3 e[ Ja o5 234l s JosIX1T2[3]+|s]s|7]a]s 1

: TR R L A A HH: {NIRNND T

sz;us;ismlu 23falsls[r]o]s]di |2 345610930zuaevosm‘ozussrlasauzus sf7je]sig[+[2]5]sIs[s|7]e]o]]s]2[s]afs [slrle]s

WALL, EXIT (o sudden expansion) WX is an element of a zero length

SIA 1 = STA 2
INV 1 = INV 2
SECI. 1 may have picis (max. 10)
SECT. 2 nust not have piers.

)3

Card (ol. Variable Description
1 & 2 WX Required card identification characters.
4 - 12 STA Station at the u/s end.  1f STA | is left blank

it will be set equal to STA 1 at the u/s end of the
previous element.

13 - 19 INV | Invert elevation at the u/s end.  If INV | is left blank
it will be set equal to the invert elevation at the
/5 end of the previous element .

20 - 22 Cross Secl., A mmber assigned on Form No. 2 to tdentify a specilic section
Ident. No. used at the u/s end.
legend XXX. XX Required Data

YYY.YY Optional Data

XM



UG ANLLLES CUOUNIY FLUUD CONTHOL DISTRICT Poge_ oL Date__
HYDRAULIC ANALYSIS COMPUTER PROGRAM Name - B

FOSIS (FORM NO. 1)

Project ____

1[2]3]a]slefr[efs AL [2]s]s[afs 7 fo o 2T 2 PI[s I o B I3[ E 3]s e]f]s @Tﬂqﬂgmasgla]zlslalslsmsmmz Il AL B[ ]ele
ELEM| "RO3S SECT IDENT HO NO: s ecev. ar] maows oF [ - k |
weel STA | INV | ""“L‘;""""“""fm n 29 w0 oA e{  cunve  [4° oFcunve] xo POINT

or upu|!‘1413:)w' t /e Q, Qg4 INV 3 INV 4 4§, X° cowr |§ Xo conr.
|z?45lsns 1j2[3[«]s]e[7]e]o|£14]2]]als [sl7 (o 53T T2 el T e Ta o nz:unlosgazussroslguzsassraslguzu;““

2|5 HHHI"HW. A JTE L TLREREET : ; :

12 13]sjs]s|7]alsloli [ lsfalsf]7]a s B T2 a]+[s Jele e s RPJAielTepig) [23]4fs sl ie]e (R [1 [2]3]]s e]r[olo IE] [ [als[s[7[elSTTT T2l [eIs s i TeTa I8

SYSTEM HEAIWORKS 'SH'  Section at the u/s end of the system.

Card Col. Variable Pescription
1 & 2 sn Required card identification characters.
4 - 12 5TA ] Station at the u/s end of the system. If Sta. 1 is left
blank it will be set equal to the station at the
vl u/s end of the previous element.
13 - 19 NV 1 Invert elevation at the u/s end of the system, 1f INV 1

is left blank it will be set equal to the invert elevation at
the u/s end of the previous element.

20 - 22 Cross Saect. ldent. A e assigned on Form MNo. 2 to identify a specific section
No. used at the w/s end of the systom.
49 - 55 W.5. Flev. at SN, If left blank the program assumes critical depth control,

Tegend XXX.XX Required Data
YYY.YY Optional bata

HS



7.1.3 CD CARD CHANNEL DEFINITION
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R I R P I R PT O tage ____ __Ul___ Dale_____

HYDRAULIC ANALYSIS COMPUTER PROGRAM Nome __
FO5I5 (FORM NO. 2)

to

Projeci —_
CROSS INV.CROSS
cum’ us'g:‘v' CHAN| O OF | AVE wiDTH “‘Jg“‘ BASE WiOTH | Z, In  [FALL(n)
CODE - [TYPE|PIERS | OF PIERS |
NO. ’ DIAMETER YIPR. 1) [vien. 2} v(rR.3) | V(PR 4) YIPR.8) [v(PR.6) [viPR.7) [viPR ) YIPR.9) |Y(PA.10)
18380 Fl:g 12l3)elss] rielsile 2] Ja]s[s]7 kzusnbahazusnih EEDAsaan pjsisis{r]eisl 3l f2s]«]s]elr]ols
| D : 4 R . [ [ -fe [ . . . . . .
t khl . X x b e [ [ 1 . * . [3 » . 3
' 0 B : : . . ) [ . » ® . . (] [} - .
0003340344880 bS] 2B Mslslrls s Bl 2 1ols 44390383330 30H! Mafslsirisb Rl 2B b s} 12Plaplslr
CHANMEL CROSS SECFION DEFINITION (ARDS "CD" (Reqular)
ype 1 - ‘vapearidal *lype-1 Pipe diameter.
ype 2 - Rectangular ** Mype-4 Base width is not vequired for a pipe
Type 3 - Box or Covered Tapezoidal
Type 4 - Piye
Card Col. Variablc bescription
1 &2 Cb Required card identification characters.
(€3]
(VY]
4 -6 Cross Sect. A number between 1 and 200 assigned to identify a
Ident. MNo. section (a section need not be entered more than once
per project).
9 Chan. ‘Tyje Channel Type nunber (sce above).
12 - 13 Ho. of Piers Himber of piers (max. 10).
16 - 20 Ave Width of Piers  Sum of pier widths divided by nuber of piars.
23 - 27 Height * Height of wall above the invert.
30 - 3% Hase Wj(ll,l.n Ak Width of base (sec Figures 6-1 thru 6-3)
36 - 40 a1, Teft side slopx.
41 - 45 ZR Right side slope.
46 - 50 Invert Cross Fall Invert slab cross fall in inches (see Figure 6-2) Lo ho uieyg vilh

chan. type 2 (optional

Legend XXX Required hata
YYY  eticnnl ot

1



LOS ANGELES COUNTY FLOOD CONTROL DISTRICT Page____ Ol ___ Date

HYDRAULIC ANALYSIS COMPUTER PROGRAM Name S
FO515 (FORM NO. 2) Project___
NV CROSS
NO. OF | AVE wiDTH “‘J““‘ BASE WIDTH |  Z Zp kFAI.I.(an

A
PiErs | OF PIER
YRS | ommeren [“yier n [vien 2)[vien i viPR. 4) [vien. 81 [vien e [virr 71 [virn. o) [virn. 01 [virn 10

1{2|3f4ls]s]7]e]s ﬁuzussrlclsa!uzslqswlas Huzsunu nzsun’oﬂm
L]

L4 . 1] L4 . . . . .

sle 23 lalsle]7

‘Y‘ !1. '!c IY. "O VYO “. ‘YO Y'o “0

[} [ » » [] [ ¢ .

relslh oJslels tl2[sjalslslrpppo 1o

Elﬂ
[
P
]
]

-
-
~N
(2]
-»
O
<N
-~
]
~N
[
»
[*]
)
(]

CHIANNEL, CROSS SECTION DEFINLTION CARD 'CD' (Trreqular)

1ype 5 - Irveqgular, open
Type 6 ~ Irreqgular, coveral

NOTIT: A points (P15) card is required in conjunction with every Cb card to conplete the
definition of an irreqular cross section.

X Card Gol.  Variable bescription
1 &2 Ch Required card identification characters.
4 -6 Cross Sect. A mmber between 1 and 200 assigned Lo identify a
Ident. Ho. section. (A section need not be entered more

than once per project).
9 (han. ‘'lype Channel type number (sce above).
12 - 13  No. of Pias Munber of piers (max. 10).
16 - 20 Ave Width of Piers  Sum of pier widths divided by mumber of piers.

31

|
oo
=
)

Y (PRi) from The clevation of the bottom of the pier above U

i=l to i =10 x-axis, (max Y(PR) = 99.99)
All piers are assumed to have cual top elevation.
For an irreqular section with picrs the X and Y axis mast
be the same for cross section and pier coordinates.

Legend XXX, XX required data
YYY,YY optional data

)



7.1.4 PTS CARD "X & Y COORDINATES"™
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LOS ANGELES COUNTY FLOOD CONTROL DISTRICT

Page ot Date —
HYDRAULIC ANALYSI§ COMPUTER PROGRAM Name
FO3IH (FORM NO. 3) Project
“m:&"_‘ S Pt lx,y) (NI T I PL 1 ia,y) AN ITAT) Pr. Ha,y)
108 M
l‘”‘ln‘j xtny | vin ' YiN XN Yl wn | vin xtn | vin
{1]2]s]4]s]s]r lols|&1: [2]3]o]s|6]rTe]o[R] 1 [2[s]e lsrloquazuslnhm 1[zls]slslelrlo]o[a]s [2]s[als Il e[ [o IR [ S| Js[s P TelsIXi T2 s I Te gm
1 lelvis JJ . . . . . . . . J1
3 Iebu sl ] T Bbded T T 1< T T 1< AL REARAOARRRRIIANRE OO RRANG ARG
‘ "s [} ] ’ L[] [} [ [ O' L4 .
___lzblsblslrjela bl f2]s]s]slelr lolo 211 [e s bols fe fr folo 131 Ta [sals lsl fuls NAAAANKHAARA Tl 8]\ lelslafs]s]s Xl = plslsle ]
Irreqular Channel Cross Section Points (X,Y) Card "PIS".
The PI'S card is used in conjunction with the Ch card to define irreqular channel cross sections
(Chan. Type Ho. 5 or No. 6).
Card Col. Variable Description
1l &3 Prs Required card identification characters.
[V
o 4 -6 Cross Sect. The number assigned on the Cb card.*
Ident. No.
7 -8 No. of Points Specifies the nimber of points i (X,Y) in a cross scction.*

9 - 68 Pt i(X,Y)
x(i), Y(i)

X

e X and Y coordinates of the points in a cross section
entered in consecutive order fram left to right.
(minimum 3 pts and maximum of 99 pts).

Tegend XXX, XX Required bata
YYY,YY (ptional Data

If more than one line (card) is required to define a cross section the Ident. Ho. and

the No. of pts. are entered on the first line (card).
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Card Col. Variable Description
| Q Required card identification character.,
11 - 18 O al. S.H. O in cfs at the headworks.
w  Second, Tird —— nth Q card
[o0]

These are optional cards used to obtain w.s./hygl profiles for diffevent flow rates

in the system (see Scc. 3.3.3 for program limitation)

Card Col, Vaviable Description
1 Q) Required card identification character.
11 - 18 Q at S.H. Hew Q at the system headworks.
21 - 25 O Lactor A multiplier which alters all lateral inflow in

the syslcm,

legend XXX, XX Requined Data
YYY,YY Optional Data
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Control Cards

The District user need generally not be concerned with the control cards.
However, if additional data on specific runs is required the following options
are provided.

Control Card No. 1 - (trace switch card)

This is a required card that is placed ahead of the title cards. A
"O" placed in CC 1 results in the regular camposite water surface
profile printout. (the District's Data processing center always
includes this card with a O in CCl unless otherwise instructed.) If
"1" is placed in CCl the element file will be included in the print
out.

Control Card No. 2 - (JDEBUG)

This is a required card that is placed immediately before the Q CARDS.
A 0 (zero) is placed in CCl results in the reqular composite water
surface profile printout and plot. (The District's Data processing
center always includes this card with a O (zero) in CCl unless
otherwise instructed) A "1" placed in CCl results in the regular
cenposite watersurface profile print out and plot and in addition
prints out the lower and upper stage profiles and prints computational
flow. A "2" placed in CCl results in the regular composite water surface
profile print out and plot and in addition prints out the lower and
upper stage flow profiles.
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8.1

OUTPUT DATA DESCRIPTION

8.

a)
b)
c)
d)
e)
f)

g)

8.

1.1 Normal Output

Listing of channel cross section definitions (CD card data)

Listing irregular channel cross section points (PTS data)

Listing of element input data

Listing of title data

Listing of computed water surface profile or pressure gradient data
Plotting of the conduit and water surface data

If additional Q's cards are inputed then multiple output will occur

for each set of Q's

1.2 Optional Output

Program F0515P will provide, in addition to the above output, a listing
of all lower stage water surface profile points and all upper stage
water surface profile points.
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€.1.1 ERROR MESSAGES IN EDITING THE ELEMENT CARDS

foury
~—

He

6)

~1
~—

THE ABOVE SYSTEM OUTLET WAS FOUND TO BE IN ERROR -
ELEMENT NOT EQUAL TO 001

The system outlet must be the first element to be processed.
Check order of input to make sure the system outlet card follows

the title cards.

THE ABOVE INPUT CARD DID NOT CONTAIN THE REQUIRED DATA
XXX

Check the data on the input card with the input documentation for
that element to make sure all the required data is present, see a
programmer if data is correct.

THE ABOVE INPUT CARD CONTAINED AN INVALID ELEMENT NUMBER

The above card contained an invalid code in the element type field.
Check input field with input documentation description and correct
data.

THE ABOVE INPUT CARD CONTAINED AN INVALID STATION

The station on the above card was not in sequence with the
previous stations. The value was less than the station of the
previous element. Correct input data.

THE ABOVE INPUT CARD CONTAINED AN INVALID INVERT

DURING EDIT PHASE XXX ERRORS WERE ENCOUNTERED -
PROCESSING WILL NOT START

The number of errors in the edit phase is printed. The calculations
will not begin until all edit errors have been corrected.

NO EDIT ERRORS ENCOUNTERED - COMPUTATION IS NOW
BEGINNING

This message indicates that all of the input data was correct and
processing calculations will begin.

A BLANK INVERT WAS GIVEN ON AN ELEMENT CARD

The above card was required to have an invert but none was given,
check and correct input data.

71



9)

10)

11)

12)

13)

INVALID SECTION NUMBER ON ELEMENT CARD

The section number given for this element is not between 1 and 200.
Correct input with correct channel number reference. :

SECTION NUMBER FAD NO DATA FOR CHANNEL DEFINITION

The section number on the element card refers to a section that was
not defined or that was labeled as being in error in editing the channel
definition cards. Check the channel number and the results from the

channel definition editing.
SECTION NUMBER HAD NO DATA FOR CROSS SECTION

Same as Message No. 10 only for cross section data instead of
channel definition data.

THE CHANNEL DEFINITION REFERENCED DID NOT CONTAIN THE
REQUIRED DATA TO BE USED IN THIS ELEMENT

There is a conflict between the data in the channel definition used to
describe this element and the type of element being described. Check
the restrictions for this element and make sure the channel definition
selected has applicable data.

THE PREVIOUS SECTION OR CHANNEL DEFINITION DID NOT
COINCIDE WITH THE DATA UTILIZED IN THIS ELEMENT

There is a conflict between the data in the channel defintions of the
previous element and the current element being used in the element
being described. Check the restrictions for the element type and the
channel definition data used.
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9.1.2 WARNING MESSAGES IN EDITING THE ELEMENT CARDS

1)

THE ABOVE ELEMENT CONTAINED AN INVERT ELEV WHICH WAS
NOT GREATER THAN THE PREVIOUS INVERT ELEV.

Check the inverts on the preceeding and current elements to make
sure they are what you want. Program assumes data is good and

continues.

WARNING - ADJACENT SECTIONS ARE NOT IDENTICAL - SEE
SECTION NUMBERS AND CHANNEL DEFINITIONS

The two adjacent sections are supposed to be identical, but if only
the channel height varies it is alright. Check channel definitions
to see if data is correct and only height varies, program assumes

data is correct and continues.

WARNING - PREVIOUS SECTION NUMBER WAS INVALID OR 0 -
SEE PREVIOUS DESCRIPTION

Previous element should have been flagged as being bad so the
data passed to this element is zeroes. Processing for the other

elements continues.



€.1.3 ERROR MESSAGES IN SEQUENCE CHECKING THRU CHANNEL
DEFINITION DATA

1) NO SYSTEM HEADWORKS CARD - CANNOT TELL WHERE THE START
OF CHANNEL DEFINITION DATA IS - NO PROCESSING

There must be a system headworks card at the end of the element
cards just preceeding the channel definition cards. Check input data.

2) CHANNEL DEFINITION DATA (CD) DID NOT FOLLOW THE SYSTEMS
HEADWORKS CARD - CONTINUING TO LOOK FOR CD OR PTS

There must be at least one CD card following the system headworks
card, and all CD cards follow the system headworks and come before
the cross section points (PTS) cards. Check input data.

3)  NO CHANNEL DEFINITION (CD) OR CROSS SECTION POINT CARDS
(PTS) WERE RECOGNIZED - CHECK DATA

There must be at least one channel definition card following the
system headworks card. Check input data card code columns.

4) NO CHANNEL DEFINITION CARDS BEFORE CROSS SECTION
POINT CARDS - CHECK DATA

Check order of input cards. Element cards ending with system
headworks must be followed by at least one channel definition card.
Cross section point cards follow the channel definition cards.

5) INVALID CHANNEL TYPE ON CHANNEL DEFINITION CARD
ITYPE = X SECT = XXX

ITYPE is the channel type requested and SECT is the section number
the channel type is specified to define. Channel type must be a number
between 1 and 6. Check and correct this CD card.

6) NO CROSS SECTION POINTS ENCOUNTERED - ASSUME NO
IRREGULAR CHANNELS

No irregular channels or cross section points are indicated for
this problem. This is a warning message. Processing wiil continue.

7)  INVALID CARD CODE ENCOUNTERED WHILE PROCESSING CD AND.
PTS CARDS CODE = XXX

After the first CD card a card was found which did not have a code
of CD or PTS. CODE indicates the invalid card code which should
be corrected or placed in the correct order.
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8)

NO SYSTEM HEADWOR.KS CARD BEFORE CHANNEL DEFINITION
OR CROSS SECTION POINTS

The system headworks card was omitted or is out of seqdence. It
should be the last element card and should immediately preceed
the channel definition cards.

~3
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9.1.4 ERROR MESSAGES IN SEQUE’\ICE CHECKING CROSS SECTION
POINTS CARDS

1) INVALID OR MISSING NUMBER OF POINTS VALUE - MUST BE
BETWEEN 3 AND 99. CODE = XXX ISECT = XXX NOPTS = XX

The number of points value is in error or the card is out of sequence,
make sure this is supposed to be the first card of a cross section for
the section points. CODE is the card code, ISECT is the section number
and NO PTS is the number of points indicated. Correct the invalid card

and resubmit.
2) INVALID CARD CODE FOR CROSS SECTION POINTS

While processing PTS cards a code not equal to PTS was found.
Either wrong or out of sequence. Correct the data error.

2) STARTED ANOTHER CROSS SECTION GROUP BEFORE PREVIOUS
GROUP WAS COMPLETED.

A new cross section group was indicated (no of points was given) before
all the points indicated by the previous the number of points were read.
Check card sequencing and make sure the number of points is only on the
first card of a section and is correct with the number of points to be read.

4) SECTION NUMBER IS INVALID OR MISSING - MUST BE BETWEEN
1 AND 200 CODE =XXX ISECT = XXX NO PTS = XXX

The sectio1 number given is in error. CODE is the card code, ISECT
is the invalid section no. and NO PTS is the number of points. Correct
the invalid cross section points card and resubmit.

5) END OF FILE BEFORE ALL POINTS WERE READ ON LAST CROSS
SECTION

The last input card was read before all the points indicated to exist
in the current cross section were read. Supply the remaining cross
section points cards to complete the section or correct the number
of points indicated to define the section.

6) END OF FILE ON CROSS SECTION PQOINTS

The last cross section points card was read and processing in this
program is completed.

7) NO CHANNEL DEFINITION RECORD FOR THIS SECTION CODE -
GOING ON TO NEXT CROSS SECTION SECT = XXX

There was no channel definition or an invalid channel definition was
given at the corresponding section number so no processing is done on
these cross section points.



8)

MISSING NUMBER OF POINTS FOR CODE XXX FOR SECTION XXX

The first card to describe the cross section points of a section did
not have the number of points value to indicate how many points are
to be read to describe the channel. Make sure this is supposed to
be the first card of the section points and supply the number of
points value for the section; if it is not supposed to be the first
card of the section points put the cards in their proper sequence.
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9.1.5 ERROR MESSAGES IN CHANNEL DEFINITION PROCESSING

1) SECTION NUMBER INVALID OR MISSING, DATA CANNOT BE
WRITTEN TO THE OUTPUT FILE

There was an invalid section number on a CD or PTS card. Section
number must be between 1 and 200. Correct invalid data.

2) INVALID VALUE FOR THE NUMBER OF PIERS - MUST BE BETWEEN
0 AND 10 IF GIVEN

The number of piers on the CD card is invalid. Correct the invalid
data.

3) AVERAGE WIDTH OF PIERS IS INVALID OR NOT GIVEN WHEN
THERE IS A VALUE FOR NUMBER OF PIERS IN THE CHANNEL

When number of piers is given there must be a value for average
width of piers. Correct whichever field is wrong.

4) CHANNEL HEIGHT IS INVALID OR IS NOT GIVEN
Correct the height data in the channel definition.

S) CHANNEL DIAMETER IS INVALID OR IS NOT GIVEN
Correct the width data in the channél definition.

6) CHANNEL WIDTH IS INVALID OR IS NOT GIVEN
Correct the width data in the channel definition.

7) THERE IS A DIFFERENCE BETWEEN THE NO. OF PIERS AND
THE NUMBER OF VALUES FOR PIER DEPTHS

If fewer depths are given for piers in an irregular section than the
number of piers indicated, then the remaining pier base values must
be added even if they are 0.0. If more depths are given only the
amount up to the number of piers declared wilil be considered.
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9.1.6 ERROR MESSAGES IN CROSS SECTION POINT PROCESSING

1) ENCOUNTERED A POINT WHERE X = 0 AND Y = 0 BEFORE ALL
THE INDICATED POINTS WERE PROCESSED - ASSUMING ERROR

Only the first coordinate of the cross section points can be 0, 0 -
otherwise the program cannot distinguish between blanks and zeroes.
If point desired is 0, 0 use .01, .01 for approximate data. Correct
invalid data.

2)  THE CROSS SECTION POINTS ARE OUT OF SEQUENCE FOR AN
IRREGULAR OPEN SECTION - MUST BE COUNTER - CLOCKWISE

FROM MINIMUM X

Check the sequence of points on the cross section point cards for
the data which is out of order. _

3)  THE CROSS SECTION POINTS ARE OUT OF SEQUENCE FOR AN
IRREGULAR SECTION - MUST BE COUNTER - CLOCKWISE FROM

MINIMUM X

Check the sequence of points on the cross section point cards for
the data which is out of order. When maximum X is reached the
following X values must continually decrease.

4)  MAXIMUM Y IS NOT AT EITHER SIDE OF AN OPEN IRREGULAR
CHANNEL ASSUMED BAD DATA AND PROCESSING IS STOPPED

For some reason maximum Y was not at the end of an open irregular
channel. Check input data and correct if wrong, otherwise see
pProgrammer. . '



9.1.7 COMPUTATION ERROR AND WARNING MESSAGES

1)

e

6)

INVALID RECORD CODE IN XXX, IREC = X, ELEMENT = XXX;

The subroutine, record code, and element number are printed. An

invalid record code was encountered, the record code value should be
between 1 and 9. This code is set internally in the edit phase so it is
a program problem - see programming staff. Processing is stopped.

WATER SURFACE ELEVATION GIVEN IS LESS THAN OR EQUALS
INVERT ELEVATION IN XXX, W.S. ELEV = INV = DC;

The subroutine name is printed. This is a warning message that there
was no water surface elevation inputted for either the headworks or
outlet or that the water surface inputted is less than the invert elevation
causing DC to be the controlling depth. Processing continues.

WENTDS, NO AREA OF OBSTRUCTION IN ELEMENT XXX, Al = XXX,
A2 = XXX,

The element number, area in the U-/S end, and area in the D/S end
(based on depth from the U/S end) are printed. The area in the U/S
end must be greater than the area in the D/S end. Make sure this is
supposed to be a wall entrance and that the channel sections are
described properly. Processing is stopped.

W.S. ELEV. IS 10 FEET OR MORE ABOVE OPEN CHANNEL WALLS
IN XXX, STATION = XXX, D = XXX, DH = XXX;

The subroutine, station, depth, and maximum open flow depth are
written. Open flow depth reached the maximum limit in the program.
Raise the heights of the channel walls at this point and resubmit.
Processing is stopped.

OVER 50 RECORDS WRITTEN IN XXX ELEMENT = XXX
STATION = XXX;

The subroutine, element, and station are printed. The maximum
number of 50 intermediate points in a reach element have been
processed. Divide this reach element into two or more reaches at
the station printed and resubmit. Processing is stopped.

CANNOT SOLVE QUADRATIC FORMULA FOR START OF OPEN FLOW
IN RCHUS, STATION = XXX;

The station at the D/S end of the reach is printed. The solution to
solving the gquadratic formula was negative for the length of reach

in pressure flow. There is no solution for this problem (it should not
occur), if it does this element must be hand calculated and the other
elements can be run with the hand calcuiated control depths.
Processing is stopped.
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8)

10)

11)

OTLTJP HAS ERRONEOUS PROCESSING CODES, U/S CODE = X,
D/S CODE = X, D = XXX, DC = XXX;

The U/S and D/S processing codes, depth, and critical depth are
written. There must be at least U/S processing in the outlet.. This
is an internal program error because the processing codes for the
outlet are improperly set. See programmer. Processing is stopped.

A STATION ON THE U/S OR D/S FILE IS PAST THE END OF THE
REACH IN RCHJP, STATION FROM FILE = XXX, REACH
STATION = XXX;

The station from the U/S or D/S file and the station at the U/S or D/S
end of the reach are printed. The station on the file is not between
the U/S and D/S ends of the reach. This is an internal problem, a
station computed in U/S or D/S processing is in error or the value
for the number of U/S or D/S records written is in error. See
programmer. Processing is stopped.

THE KNOWN DEPTH EQUALED THE NORMAL DEPTH IN BERNLI,
DEPTH = XXX;

The known depth is printed. This is a warning message that normal
depth has already been reached. The depth at the end of the reach is
set equal to normal depth. Processing continues.

THE UPPER AND LOWER LIMIT VALUES CALCULATED IN BERNLI
WERE THE SAME, LOWER LIMIT = XXX, UPPER LIMIT = XXX;

The values from Bernoulli's equation based on the lower and upper

limit depths are printed. This is a warning message indicating that
depth cannot be found by Bernoulli's equation and that the upper and
lower limit depths are the same. The depth at the end of the reach
is set equal to the current known depth. Processing continues.

THE VALUE TO SOLVE FOR DEPTH IN BERNLI IS NOT BETWEEN
THE UPPER AND LOWER VALUE LIMITS, DESIRED VALUE = XXX,
UPPER LIMIT VALUE = XXX, LOWER LIMIT VALUE = XXX, UPPER
LIMIT DEPTH = XXX, LOWER LIMIT DEPTH = XXX;

The value needed to solve Bernoulli's equation, the upper and lower
limit values from Bernoulli's equation, and the upper and lower limit
depths are printed. This is a warning message indicating that depth
to solve Bernoulli's equation cannot be found between the limits where
it is expected. Depth at the end of the reach is set to the current
known depth or to normal depth depending on whether the desired value
to solve Bernoulli's equation is greater or less than the prescribed
limits. Processing continues.
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12) THE XX FILE DOES NOT HAVE DEPTH AT THE HYDRAULIC JUMP
IN JUMPR;

The U/S or D/S file is printed. The station of the hvdraulic jump
cannot be computed although it is indicated to exist because the U/S
and D/S force curves crossed. The actual location of the jump is not
included on either the U/S or D/S file. This is an internal problem
and should not happen. Check U/S and D/S reach processing to see
if they are valid (print switch = 2). See programmer. Processing

1s stopped.

13) NO INTERSECTION OF FORCE CURVES COULD BE FOUND FOR THE
HYDRAULIC JUMP IN JUMPR;

A hydraulic jump was indicated but there was insufficient data on the
U/S and D/S files to locate the point of intersection. This is an
internal problem and should not occur. Check U/S and D/S reach
processing to see if they are valid (print switch = 2). See
programmer. Processing is stopped.

14) THE FORCE AT THE HYDRAULIC JUMP IS NOT BETWEEN THE
FORCES FROM THE UPPER AND LOWER LIMIT DEPTHS, UPPER
LIMIT DEPTH = XXX, LOWER LIMIT DEPTH = XXX, UPPER LIMIT
FORCE = XXX, LOWER LIMIT FORCE = XXX, FORCE AT JUMP =
XXX IN PPMDEP;

The upper and lower limit depths (depth from either side of indicated
nydraulic jump), the upper and lower limit forces, and the force at
the hydraulic jump are written. The force at the jump should be equal
or between the forces on either side of the jump but this was not the
case. Either the force given for the jump or the points given from
the U/S or D/S file adjacent to the jump are wrong. Check the U/S
and D/S files for valid data (print switch = 2). This is an internal
problem. See programmer. Processing is stopped.

15) THE TEST DEPTH EXCEEDED THE UPPER LIMIT DEPTH BEFORE
THE FORCE AT THE JUMP WAS REACHED, TEST DEPTH = XXX,
UPPER LIMIT DEPTH = XXX, TEST FORCE = XXX, JUMP FORCE
XXX IN PPMDEP;

The iterated depth, upper limit depth, iterated force, and force at
the hydraulic jump are printed. The depth causing the force at the
hydraulic jump should be equal or between the depths on either side
of the jump but this was not the case. Either the force given for the
jump or the points given from the U/S or D/S file adjacent to the
jump are wrong. Check the U/S and D/S files for valid data (print
switch = 2). This is an internal problem. See programmer.
Processing is stopped.



16)

17)

18)

18)

ELEMENT NO. XXX HAS DNORM OR DCRIT LESS THAN OR EQUAL
TO ZERO IN ELMCHG;

The element number is printed. Either normal depth or critical depth
could not be computed for this reach. This should not happen, check
the channel description for the reach element. Hand calculate normal
and critical depths and if they exist in the channel description see a
programmer because either function DNORM or function DCRIT is in
error. This exists as a warning message and processing will
continue but will probably terminate before the end of the run.

XXX ERRORS WERE ENCOUNTERED IN SETTING THE PRELIMINARY
VALUES IN ELMCHG;

The number of errors in analyzing adjacent elements and flow rates
and computing critical and normal depths in written. These errors
must be corrected and the program must be rerun before actual
processing will start. If this message occurs on the same run for
other than the first flow rate there is an internal problem, then

see the programmer. Processing is stopped.

NO XX RECORDS EXISTED WHERE INDICATED - ELEMENT NO.
XXX IN WRITEN;

The U/S or D/S file and the element number are printed. The U/S or
D/S processing code indicated the computation for the element was
valid but there were no records on that file for the element. This is
an internal problem with the processing codes. See programmer.
Processing continues with the next element.

THERE WAS NO JUMP INDICATED WHEN BOTH U/S AND D/S
RECORDS EXISTED FOR ELEMENT XXX IN WRITEN;

The element number is printed. There was a problem in the jump
processing for this element. Either one of the profiles should be
deleted or a hydraulic jump should be indicated. This is an internal
problem, see programmer. Processing continues with the next
element.

A JUMP WAS INDICATED BUT THERE WERE NOT RECORDS ON
BOTH THE U/S AND D/S PROFILES FOR ELEMENT XXX IN
WRITEN;

The element number is printed. There was a problem in the jump
processing for this element. If the entire U/S or D/S profile is
deleted then there cannot be a jump and if there is a jump there
must be U/S and D/S profile data. This is an internal problem,
See programmer. Processing continues with the next element.
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THERE WERE NO RECORDS FOR ELEMENT XXX IN WRITEN;

The element number is printed. This is a warning message to indicate
there was no U/S or D/S processing for this element. Check the U/S
and D/S profiles (print switch = 2) to verify this. If there is data
there is an internal problem, if there is no data check the construction
of the element. Processing continues with the next element.

NO PLOT GENERATED, BAD DATA OR NOT ENOUGH POINTS, 3 OR
LESS;

If there are only 3 elements being run no plot will be generated, other-
wise there was a problem in processing one of the elements and there
i1s an internal problem. This is a warning message and processing
continues.

ELEMENT NUMBER XXX HAS ADJACENT ELEMENTS WHICH ARE
IN ERROR;

The element number is printed. There is an error in the sequence of
elements submitted (such as bridge exits back to back) which are not
allowed. Check the sequence of the elements, correct the error, and
resubmit the data. This is a user error, seguence checking will
continue but actual processing will be stopped.

XXX DEPTH COULD NOT BE FOUND IN ELEMENT XXX;

Either normal or critical depth and element number are printed.

There is either an error in function DCRIT or DNORM or there is a

bad channel description. Hand calculate the value and if it is valid
for the channel see a programmer. The elements will continue to
be checked but no actual processing will take place until the error
is resolved.

" IRREGULAR XXX VALUES ARE ZERO OR NEGATIVE, SET XXX

EQUAL TO ZERO, XXX = XXX, PIER XXX = XXX, IN XXX;

Either force, area, or wetted perimeter values are printed from
functions FORCEI, AREACI, or WETPI for irregular sections.
The appropriate data could not be computed in this irregular
section. The problem is internal. The cross section points used
for the computation are probably distorted. See a programmer.
The desired value is set to zero and processing continues but will
probably be in error and processing will probably terminate before
the end of the run. '
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PIER WIDTH IS WIDER THAN CHANNEL WIDTH IN XXX, DEPTH =
XXX, PIER WIDTH = XXX;

Zither force, area, or wetted perimeter, depth, and average pier width
s printed. The width of the number of piers at the given depth is wider
than the channel width at that depth. This is a user error. Correct the
input data and resubmit. The desired value is set to zero and processing
continues but results will probably be erroneous and the program will
probably terminate before the end of the run.

DEPTH EXCEEDS XXX WITH FORCE TOO LOW IN FORCEM, TEST
DEPTH = XXX, TEST FORCE = XXX, XXX = XXX, DESIRED FORCE -=
XXX,

The iterated depth and force, the maximum or minimum depth, and the
desired force value are printed. The desired force in the bridge exit
could not be reached within the prescribed depth limits. The desired
depth is set to zero and no processing is done in that end of the bridge
exit. Processing continues with the next element.

DESIRED FORCE IS OUT THE RANGE OF DEPTHS IN FORCEF, TEST
DEPTH = XXX, TEST FORCE = XXX, XXX = XXX, DESIRED FORCE =
XXX;

The iterated depth and force, the maximum or minimum depth, and the
desired force are printed. In D/S processing the desired force in the
D/S end of the bridge entrance could not be reached within the prescribed
limits of depth so the desired depth is set to zero and no computation is
done in the D/S end. In U/S processing the bridge entrance was under
pressure at the U/S 2nd so pressure flow calculations will be done.
Processing is continued for pressure flow going U/S and in the next
element going D/S.

DESIRED FORCE IS OUT OF THE RANGE OF DEPTHS IN FWALL,
TEST DEPTH = XXX, TEST FORCE = XXX, MINIMUM DEPTH -= XXX,
DESIRED FORCE = XXX;

See Message 28 for D/S bridge entrance only use wall entrance instead.

DEPTH IS OUTSIDE THE RANGE OF THE POINTS DESCRIBING THE
CHANNEL IN XXX, DEPTH = XXX, YMIN = XXX, YMAX = XXX;

Either force, area, or wetted perimeter values for depth and minimum
and maximum Y values are printed. If the depth is not above maximum
open flow depth there is an internal error, see programmer. If the
depth exceeds maximum open flow depth raise the channel walls. The
desired value is set to zero and pProcessing continues but will probably
be in error and processing will probably terminate before the end of
the run.
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31)

34)

36)

UNABLE TO CALCULATE FRICTION SLOPE WITH MANNINGS
EQUATION IN SF, AREA = XXX, WETTED PREIMETER = XXX;

The area and wetted perimeter are printed. Either the area or
wetted perimeter should be less than or equal to zero. This is an
internal problem, see programmer. Processing is stopped.

CRITICAL DEPTH MAY BE INACCURATE IN ELEMENT XXX,
INCREMENT = XX;

The element number and increment value are printed. If the
increment is large then critical depth is probably above the top of
the channel but is set equal to the channel height. If the increment
is small critical depth is probably pretty accurate but for some
reason it cannot be computed precisely. This is a warning and
processing continues.

Q VALUES IN THE JUNCTION ARE INCORRECT FOR DEPSMP,
QL = XXX, Q2 = XXX, Q3 = XXX, Q4 = XXX;

The Q values for both U/S and D/S ends and for the laterals are
printed. Q2 should equal the sum of the other Q's. If it does not
there is an internal error in subroutine ELMCHG, see a programmer,
If these Q values are in error, resubmit the input data with the

correct Q values. Processing is stopped.

A LATERAL ANGLE OF CONFLUENCE IS GREATER THAN 90
DEGREES IN DEPSMP, FIRST ANGLE OF CONFLUENCE = XXX,
SECOND ANGLE OF CONFLUENCE = XXX;

The angles of the laterals are printed. This is a user error, check
the values inputted for the angles of the laterals, they should be in
degrees. Processing is stopped.

INVALID PROCESSING CODE WAS ENCOUNTERED IN XXX,
PROCESSING CODE = X, AND IT SHOULD BE 1 OR 2:

Function DEPSMP, SUMM, or SUMP is printed with the processing
code. The processing code should be 1 for D/S processing and 2 for
U/S processing representing the known end of the element. This
code is internally set just before the function is called so it is a
programming problem. Processing is stopped.

MOMENTUM AND PRESSURE CURVES DID NOT CROSS IN DEPSMP,
SETTING DEPTH EQUAL TO UPPER LIMIT DEPTH PLUS ONE FOOT,

DEPTH = XXX;

The depth is printed. The intersection of the pressure and momentum
curves was above the maximum open flow depth. For a closed channel
pressure flow calculations will be executed, otherwise, processing
will stop because depth is too high in an open channel. This is a
warning message.
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9.1.8 DEBUG MESSAGE

NO COMPUTATION IN XXXX - A BREAK IN WATER SURFACE PROFILE,
STATION = XXX, XXXX

The station, subroutine, and paragraph number are printed. This is
a notification message which identifies whether there was any
computation for the U/S or D/S end of an element.

Other messages printed in debug trace have the subroutine or function
and paragraph number printed.
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10.1 SYSTEM RECOVERY PROCEDURE

f any job fails to process to a normal end for any reason, please

contact the Data Processing Section and bring all pertinent information
with you to aid in solving the problem.
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11.1 PROGRAM LIMITATIONS

1) A maximum of 200 elements are allowed per run.

2) A maximum of 50 intermediate points can be computed in a reach
element.

3) Critical depth cannot exceed 100 feet.

4) Program will not compute the water surface profile when the friction
slope is at one or greater.

5) Open channel processing is limited to a depth ten feet above the height
of the described element.

6) Undulating bottoms cannot be calculated properly in an irregular shaped
section unless the depth of flow is above the undulations.

7) The program will not accept vertical drops in invert elevations.

8) Calculations in the Water Surface profile print out may be slightly
inaccurate (to .001) Gue to rounding variables to be contained on the
U/S and D/S data files.

9) The invert cross fall "e" in inches is optiocnal and may be used only
with channel type two, a rectangular open channel or R.C. Box Sections.
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12. APPENDIX

This Appendix contains the computational symbols, methods, procedures,
and equations used in the program.
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12.1 SYMBOL DEFINITIONS

Svmbol Definition

A Cross sectiocnal area of flow
Ap Qross sectional area of pier
b Base width of channel

bnet Net base width of channel

tp Average base width of piers
D Depth of flow

Dc Critical depth

L Length between two stations
H

i Drop in invert between two points

DH Maximum open flow depth in a section:
Ten feet above channel height in open section,
Height of channel in closed section

DN Normal depth

E Specific Energy

ZGL Energy Grade Line elevation

e Invert cross fall in inches may be used with
channel type two only (optional)

F Force

g Gravitational constant (32.2 ft/sec/sec/)

BPT Head loss due to angle point

HB Head loss due to bend or curve

HF Head loss due to friction

BJ Head loss in a junction

EMH Head loss in a manhole

Ht Head loss in a transition

HV Ve_ocity head

INV Invert elevation in a channel section

M Mamentum

n Manning's n, coefficient of roughness

No P Nunber of piers in a section (max. of 10)

P Hydrostatic Pressure

Q Flow rate

R Radius of pipe

RH Hydraulic radius

r Radius of curve on horizontal aligmment

SF Friction slope (energy loss per foot)

Sc Critical slcope (slope at critical depth)

So Invert slope

SE Super elevation

ST Station

v Velocity

WP Wetted perimeter

WS/HGL Water Surface or Hydraulic Grade Line Elevation

2L [eft side slope

Z Right side slope
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These variables may have one of two suffixes

1: Identifies the variable at the upstream end of an element.
2: Identifies the variable at the downstream end of an element.

Example: V1: is velocity at the upstream end
V2: is velocity at the downstream end.

Throughout this program: U/S is the upstream end
D/S is the downstream end
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12.2 IRREGULAR SECTION DEFINITIONS

Points i(X,Y) fromi =1 toi = n, in counter clockwise direction (3 <n<99)
define an irregular cross section.

X(i) : X coordinate of point(i)

Y(i) : Y coordinate of point(i)

Y(p) N 4 cqordinaée oé base of pier, from P =1 to P = n given from left

to right (0>n=>10)

AX(1) = X(i) - X(i-1)

AY(H) = Y(i) - Y(i-1)

Ymin = The least Y(i)

(i) =  Y(i)=Ymin, subtract Ymin from every Y(i) on file

Y(P) = Y(P)-Ymin, subtract Ymin from every Y(P) on file

Ymax : Maximum open flow depth in a cross section

Al points whose Y(i) > Ymax will be dropped from file
Y(D) : Depth of flow in a section part full or under pressure
DH = Ymax + 10' in an open top section
DH = Ymax in a covered section

Point iBEG(X,Y): Contact Point of W.S. and the left bank.

If [Y(D)2 Ymax] then Y(BEG) = Ymax
and X(iBEG) is least X for Ymax

If [Y(D)< Ymax] then Y(iBEG) = Y(D)
X(HBEG) = [ A X(i+1) /AY(i+1) [Y(D)-Y(i)] + X(i)

where Y(i) and Y(i+1) are the domain of Y(D) from Y(1) to Ymin.
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Point iEND (X,Y): Contact Point of W.S. and the right bank.

If [Y(D) 2 Ymax] then Y({END) = Ymax

and X(iEND) is the maximum X with Ymax.

If [Y(D)< Ymax] then Y(iEND) = Y(D)
X({END) = [AX(i+1) / AY(i+1)] [Y(D)-Y(i)] + X(i)

where Y(i-1) and Y (i) are the domain of Y(D) from Ymin to Y(n).
Let Point 1 (X,Y) = Point iBEG (X, Y)

X(iBEG)
Y(iBEG)

where X(1)
Y(1)

Let Point n (X,Y) = Point iEND (X, Y)

where X(n) = X(IEND)
Y(n) = YUEND)

Also Point n+1 (X,Y) = Point 1 (X,Y)

X(1)
Y1)

where = X(n+1)
Y(n+1)

94



12.3.1 AREA (A)

The Area (A) of flow is a function of the depth of flow and the gecmetry of the
channel or conduit section.

1. CH®N. TYPE 1:
A =D [bnet + 0.5 D (ZI+ZR)]

2. CHRN. TYPE 2:
A = [D . bnet] ~ [e . bnet/24]

3. CHAN. TYPE 3:

If D is less than Chan. height (H) see Process l. Otherwise:
A =H [bnet + 0.5 H (ZL#2R)] - [0.25 (1 + NOP)]

4. CHAN. TYPE 4:
If D is equal or greater than Diameter
a= T @®?*

otherwise

A= (D-R) \J2RD - (D)* + [7Z (R)* /180] [Arcsin ((D-R)/R)] + 7T (R)Y2
5. CHAN. TYPE 5:
=yl

a4 = Z AX(i) Y(D) - Y(i)] + 0.3[AX(1) - & ¥(i)] -
(=2

(op) [¥(D) = ¥(P)]

Mz

“
]
~

6. CHAN. TYPE 6:

See Process 5.
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12.3.2 WETTED PERIMETER (WP)

WP is a function of the depth of flow and the geometry of the conduit or
channel section.

1.

[@)]
L]

CHAN. TYPE 1:

1 2
WP = D | \l1 +(zLY + \1+(ZR) +(2+NOP)] + bnet

CHAN. TYPE 2:

WP = 2D (1 + NOP) + bnet
CHAN. TYPE 3:
If D is less than chan. height (H) see Process 1. Otherwise

wP = D{\|1 +(zL} +\1 +(ZR +(2-NOP)] + (Zbnet] + [H (ZL + ZR)]

CHAN. TYPE 4:
If D is equal or greater than pipe diameter (2R) then

WP =27TR

Otherwise

WP = [TR/90} [ARCCOS ((R-D)/R)]
CHAN. TYPE 5:

(=7 P=m
WP = z \i [AXM]T +[2aYWD]° - 2_ 2 [Y(D) - Y(P)] - bp
(=2 P=

CHAN. TYPE 6:

If D is less than Ymax see Process 5. Otherwise

w
i
0
0
e

1

N ax@F -raval® - 2 [¥(D) - Y(P)] - bp

b
N
AY
i
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12.3.3 HYDROSTATIC PRESSURE (P)

Pressure is a function of the depth of flow and the geometry of the conduit or
channel section.

1.

[
-

(W6
.

CHAN. TYPE 1:
A
P =0.5 (D) [bnet +D (ZL + ZR)/3], where bnet =b - (NOP e« bp)
CHAN. TYPE 2:
2
P = 0.5 [bnet (D)” ]

CHAN. TYPE 3:

If D is not greater than chan. height (H) see Process 1. Otherwise:
2
P = 0.5 (D) [bmet + D (ZL+ZR)/3] - 0.5 (D-H) [(1/3)(ZL+ZR)2H + D) + bnet]

CHAN. TYPE 4:
If D is equal or greater than the pipe diameter then
P = (D-R) 7T (R)"

Otherwise: C = (D/R) and:

P = (R /3) {[(C)2 - (2C) + 3] \fzc -(cF +1 2= (C-1)] [90 + ARCSIN (c-1)]}

CHAN. TYPE 5:

(.:-.:_k_-\—l P""\.
P =0.5)AX6) [D - YW + AXE) AYE) [D - V) +AYE)/3] -Zo.s bp [D - Y(P))*
i =3 P=] ,

CHAN. TYPE 6:

If D is not greater than Ymax see Process 5. Otherwise:
[ St 2

P = Z 0.54X() [D-YM*+0.5AXE) A YW [O-TE + AYE)/3]

}.-_7_
.

bp [Ymax - Y(P)] [D - 0.5 Ymax - 0.5 Y(P) ]
\

T3

97



12.3.4 DEPIH OF FLOW (D)

Depth computation when area of flow is known.

1. CHAN. TYPE 1:

<
D= 1 ~-bnet + \/(bnet) + 2(2L + 2ZR) [A]}
2 +2Z {

2. CHAN. TYPE 2:

D = (1/bnet) [A] + (e.bnet/24)

3. HAN. TVPE 3:
Compute AH (The Full Area of a closed section).
If A is less than AH see Process 1. Otherwise:
D = HGL - Inv.
4. (OAN. TYPE 4:
Compute AH.
If A is not less than AH
D = HGL - Inv.
Otherwise
Find D by trial and error from Area of part full pipe.
5. HAN. TYPE 5:
Find D by trial and error from Area of part full section.
6. CAAN. TYPE 6:
Compute AH
If A is not less than AH then
D = HGL - Inv
Otherwise
Find D by iteration from Area of part full irreqular section.
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12.4 COMPUTATIONAL PROCEDURES

Assumptions are: Steady one dimentional flow and incompressible fluids.

12.4.1 BASIC EQUATIONS OF STEADY FLOW

a) Equation of Continuity

Al.V1 = A2.V2 = Q

b) Manning's Formula (friction slope)

2 yA
Sf = {Qn/[1.486A(RH)—5 ]}

c) Bernoulli's Equation (open flow)

2
D2 +HV2+ AL Sfav=D1+HV1+ ALSo whereHV =V/ 2g

d) Bernoulli's Equation (pressure flow)

C2+HV2+ ALSfav+Hm=D1+HV1+ A LSo

where Hm is miscel.losses.

e) Angle Point Loss

Hapt = 0.0033 €© HV

Where ©- is deflection angle in degrees. The District recommends

not to exceed 6°.

) Bend Loss

where A is central angle of bend in degrees.
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g)

h)

i)

i)

k)

Manhole Loss
Hmh = 0.05 HV (No. MN) where No. MH is

Specific Energy

E=D+HV

Pressure - Momentum

P2+M2:=P1+M1=F
2.
where M = (Q)~ / (Ag)

Critical Depth D¢

Dc is the depth of flow at minimun energy,
see References 12.6.4 otherwise iterate fo

Ec =f (Dec) = Dec + HVC

Normal Depth Dn

number of manholes in a reach

to find D¢ by parabolic method
r Dc in the specific energy equat.

Dn is the depth of uniform flow and is found by iteration from Manning's

formula

A(RH)Z/-‘b = £(Dn) = [Qn] / [1.486 So = ]
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12.4.2 REACH ANALYSIS

a)

b)

Open Flow
Intermediate points are computed on the W.S. profile in a reach using
the standard step method. The difference in velocity head between two
adjacent points is held to a maximum of ten per cent.

AL = (E2-E1l)/ (So - Sfav)

Pressure Flow

EGL 1 =EGL 2 +Hf +Hm
D1 =EGL 1 -HV1 -INV, 1

If W.S. profile rises to the soffit of a conduit before the end of the
reach or if the H.G. L. breaks seal before the end of the reach,
minor losses are adjusted to reflect only the portion of the reach
under pressure.

Super Elevation (S.E.)

Super elevation is computed in curving channels as follows:

CHAN. TYPE 1: (Trap. Sect.)

Subcritical flow: S.E. =1.15 [HV/r] [b + D (ZL + ZR)]

Supercritical flow: S.E. =2.6 [HV/r][b+D (ZL + ZR)]

CHAN. TYPE 2: (Rect. Sect.)

Suberitical flow: S.E. =HV b/r

Supercritical flow: S.E. =2 HV b/r
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12.4.3 TRANSITION ANALYSIS

If V2 is greater than V1 then
Ht = 0.1 [HV2 - HV1]
otherwise

Ht = 0.2 [HV1 - HV2]

12.,4.4 JUNCTION ANALYSIS

AY = [(Q2.V2) - (Q1.V1) - (Q3.V3.C0OS03) (1/g) (1/A ave)]+ AL Sf av
where A ave = [(Al + A2)/2]

and AY=D1+AH-D2

HI= AY+ HV1I - HV2
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12.4.6 WALL ENTRANCE ANALYSIS (Sudden Contraction)

Lower Stage Profile (U/S Control)

Find depth at the D/S end by iteration in the equation.
M2 + P2 = M1 [(A1-A1WALL) / A1] + P1 - P1 walls

where Al wall is the area of the obstructed part of Al. And Pl wall is the
pressure on the obstructed part of Al

Uppér Stage Profile (D/S Control)

If the control depth is less than the conduit height find the depth at the U/S
end from '

M2 + P2 = M1 [(A1-A1WALL) / A1] + P1 - P1 wall
otherwise find D1 by iteration from the following equation:
D2 +HV2 +Kc ABS [HV2 - HV1] = D1 + HV1

where Kc ABS [HV2 - HV1] is the head loss at WE.

Kc = 0.5 unless given otherwise

ABS = the absolute value

12.4.7 WALL EXIT (Sudden Expansion)

Energy loss in a wall exit = 1.0 ABS [HV2 - HV1]
In WX find D1 or D2 by iteration in the following

D2 +HV2 +1.0 ABS [HV2 - HV1] = D1 +HV1
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12.5 PICTORIAL OF INPUT DECK

T em c.N'rC-NjDS
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(so
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